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Description

CROSS REFERENCE

[0001] This application claims priority from U.S. appli-
cation no. 60/329,772, filed October 15, 2001, entitled
"Method and Apparatus for Forward Link Control of Mis-
Matched Forward and Reverse Links" and is assigned
to the assignee of the present invention.

BACKGROUND OF THE INVENTION

I. Related Field

[0002] Disclosed embodiments of the present inven-
tion relate generally to communication systems, and
more specifically to a method and an apparatus for man-
aging imbalance in a wireless communication system.

II. Background

[0003] Communication systems have been developed
to allow transmission of information signals from an orig-
ination station to a physically distinct destination station.
In transmitting information signal from the origination sta-
tion over a communication channel, the information sig-
nal is first converted into a form suitable for efficient trans-
mission over the communication channel. Conversion,
or modulation, of the information signal involves varying
a parameter of a carrier wave in accordance with the
information signal in such a way that the spectrum of the
resulting modulated carrier is confined within the com-
munication channel bandwidth. At the destination station
the original information signal is replicated from the mod-
ulated carrier wave received over the communication
channel. Such a replication is generally achieved by us-
ing an inverse of the modulation process employed by
the origination station.
[0004] Modulation also facilitates multiple-access, i.e.,
simultaneous transmission and/or reception, of several
signals over a common communication channel. Multi-
ple-access communication systems often include a plu-
rality of remote subscriber units requiring intermittent
service of relatively short duration rather than continuous
access to the common communication channel.. Several
multiple-access techniques are known in the art, such as
time division multiple-access (TDMA), frequency division
multiple-access (FDMA), and amplitude modulation mul-
tiple-access (AM). Another type of a multiple-access
technique is a code division multiple-access (CDMA)
spread spectrum system that conforms to the
"TIA/EIA/IS-95 Remote station-Base Station Compatibil-
ity Standard for Dual-Mode Wide-Band Spread Spectrum
Cellular System," hereinafter referred to as the IS-95
standard. The use of CDMA techniques in a multiple-
access communication system is disclosed in U.S. Pat-
ent No. 4,901,307, entitled "SPREAD SPECTRUM MUL-
TIPLE-ACCESS COMMUNICATION SYSTEM USING

SATELLITE OR TERRESTRIAL REPEATERS," and
U.S. Patent No. 5,103,459, entitled "SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CD-
MA CELLULAR TELEPHONE SYSTEM," both assigned
to the assignee of the present invention.
[0005] A multiple-access communication system may
be a wireless or wire-line and may carry voice and/or
data. An example of a communication system carrying
both voice and data is a system in accordance with the
IS-95 standard, which specifies transmitting voice and
data over the communication channel. A method for
transmitting data in code channel frames of fixed size is
described in detail in U.S. Patent No. 5,504,773, entitled
"METHOD AND APPARATUS FOR THE FORMATTING
OF DATA FOR TRANSMISSION", assigned to the as-
signee of the present invention. In accordance with the
IS-95 standard, the data or voice is partitioned into code
channel frames that are 20 milliseconds wide with data
rates as high as 14.4 Kbps. Additional examples of a
communication systems carrying both voice and data
comprise communication systems conforming to the "3rd
Generation Partnership Project" (3GPP), embodied in a
set of documents including Document Nos. 3G TS
25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214
(the W-CDMA standard), or "TR-45.5 Physical Layer
Standard for cdma2000 Spread Spectrum Systems" (the
IS-2000 standard).
[0006] In a multiple-access communication system,
communications between users are conducted through
one or more base stations. A first user on one subscriber
station communicates to a second user on a second sub-
scriber station by transmitting data on a reverse link to a
base station. The base station receives the data and can
route the data to another base station. The data is trans-
mitted on a forward link of the same base station, or the
other base station, to the second subscriber station. The
forward link refers to transmission from a base station to
a subscriber station and the reverse link refers to trans-
mission from a subscriber station to a base station. Like-
wise, the communication can be conducted between a
first user on one mobile subscriber station and a second
user on a landline station. A base station receives the
data from the user on a reverse link, and routes the data
through a public switched telephone network (PSTN) to
the second user. In many communication systems, e.g.,
IS-95, W-CDMA, IS-2000, the forward link and the re-
verse link are allocated separate frequencies.
[0007] An example of a data only communication sys-
tem is a high data rate (HDR) communication system that
conforms to the TIA/EIA/IS-856 industry standard, here-
inafter referred to as the IS-856 standard. This system
in accordance with the IS-856 standard is based on a
communication system disclosed in co-pending applica-
tion serial number 08/963,386, entitled "METHOD AND
APPARATUS FOR HIGH RATE PACKET DATA
TRANSMISSION," filed 11/3/1997, assigned to the as-
signee of the present invention. The communication sys-
tem in accordance with the IS-856 standard defines a set
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of data rates, ranging from 38.4 kbps to 2.4 Mbps, at
which an access point (access point) may send data to
a subscriber station (access terminal). Because the ac-
cess point is analogous to a base station, the terminology
with respect to cells and sectors is the same as with re-
spect to voice systems.
[0008] A significant difference between voice services
and data services is the fact that the former imposes strin-
gent and fixed delay requirements. Typically, the overall
one-way delay of speech frames must be less than 100
ms. In contrast, the data delay can become a variable
parameter used to optimize the efficiency of the data
communication system. Specifically, more efficient error
correcting coding techniques which require significantly
larger delays than those that can be tolerated by voice
services can be utilized. An exemplary efficient coding
scheme for data is disclosed in U.S. Patent Application
Serial No. 08/743,688, entitled "SOFT DECISION OUT-
PUT DECODER FOR DECODING CONVOLUTIONAL-
LY ENCODED CODEWORDS", filed November 6, 1996,
assigned to the assignee of the present invention.
[0009] Another significant difference between voice
services and data services is that the former requires a
fixed and common grade of service (GOS) for all users.
Typically, for digital systems providing voice services,
this translates into a fixed and equal transmission rate
for all users and a maximum tolerable value for the error
rates of the speech frames. In contrast, for data services,
the GOS can be different from user to user and can be
a parameter optimized to increase the overall efficiency
of the data communication system. The GOS of a data
communication system is typically defined as the total
delay incurred in the transfer of a pre-determined amount
of data, hereinafter referred to as a data packet.
[0010] Yet another significant difference between
voice services and data services is that the former re-
quires a reliable communication link. When a remote sta-
tion, communicating with a first base station, moves to
the edge of the associated cell or sector, the remote sta-
tion initiates a simultaneous communication with a sec-
ond base station. This simultaneous communication,
when the remote station receives a signal carrying equiv-
alent information from two base stations, termed soft
hand-off, is a process of establishing a communication
link with the second base station while maintaining a com-
munication link with the first base station. When the re-
mote station eventually leaves the cell or sector associ-
ated with the first base station, and breaks the commu-
nication link with the first base station, it continues the
communication on the communication link established
with the second base station. Because the soft hand-off
is a "make before break" mechanism, the soft-handoff
minimizes the probability of dropped calls. The method
and system for providing a communication with a remote
station through more than one base station during the
soft hand-off process are disclosed in U.S. Patent No.
5,267,261, entitled "MOBILE ASSISTED SOFT HAND-
OFF IN A CDMA CELLULAR TELEPHONE SYSTEM,"

assigned to the assignee of the present invention. Softer
hand-off is the process whereby the communication oc-
curs over multiple sectors that are serviced by the same
base station. The process of softer hand-off is described
in detail in co-pending U.S. Patent Application Serial No.
08/763,498, entitled "METHOD AND APPARATUS FOR
PERFORMING HAND-OFF BETWEEN SECTORS OF
A COMMON BASE STATION", filed December 11, 1996,
assigned to the assignee of the present invention. Thus,
both soft and softer hand-off for voice services result in
redundant transmissions from two or more base stations
to improve reliability.
[0011] This additional reliability is not required for data
transmission because the data packets received in error
can be retransmitted. For data services, the parameters,
which measure the quality and effectiveness of a data
communication system, are the transmission delay re-
quired to transfer a data packet and the average through-
put rate of the system. Transmission delay does not have
the same impact in data communication as in voice com-
munication, but the transmission delay is an important
metric for measuring the quality of the data communica-
tion system. The average throughput rate is a measure
of the efficiency of the data transmission capability of the
communication system. Consequently, the transmit pow-
er and resources used to support soft hand-off can be
more efficiently used for transmission of additional data.
To maximize the throughput, the transmitting sector
should be selected in a way that maximizes the forward
link throughput as perceived by the access terminal.
[0012] In a wireless communications system, a mis-
match between forward and reverse links, also known
as an imbalance, may occur between a forward link and
a reverse link. Imbalance occurs when a forward link
quality metric of a first sector is greater than the forward
link quality metric of a second sector as measured at an
access terminal, and a quality metric of the access ter-
minal’s reverse link as measured at the first sector is less
than a quality metric as measured at the second sector.
As will be explained below, performance of a communi-
cation system may be negatively affected by an imbal-
ance between a forward link and a reverse link. There is,
therefore, a need in the art for a method and an apparatus
for managing such an imbalance.

SUMMARY OF THE INVENTION

[0013] Broadly, embodiments disclosed herein ad-
dress the above stated needs by receiving a reverse link
information on at least one non-serving sector; and mit-
igating imbalance utilizing said received reverse link in-
formation.
[0014] In another embodiment the above stated needs
are addressed by measuring reverse link quality metric
at each sector; declaring an imbalance when a reverse
link quality metric measured at a serving sector is less
than a reverse link quality metric measured at least one
non-serving sector; and mitigating said imbalance.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1 illustrates a conceptual diagram of a com-
munication system capable of performing re-pointing in
accordance with embodiments of the present invention,
e.g., a communication system in accordance with the IS-
856 standard; and
[0016] FIG. 2 illustrates an exemplary forward link
waveform.

DETAILED DESCRIPTION

Definitions

[0017] The word "exemplary" is used exclusively here-
in to mean "serving as an example, instance, or illustra-
tion." Although a best mode embodiment is contained
herein, an embodiment described as "exemplary" is not
necessarily to be construed as preferred or advanta-
geous over other embodiments.
[0018] The term packet is used exclusively herein to
mean a group of bits, including data (payload) and control
elements, arranged into a specific format. The control
elements comprise, e.g., a preamble, a quality metric,
and others known to one skilled in the art. Quality metric
comprises, e.g., a cyclical redundancy check (CRC), a
parity bit, and others known to one skilled in the art.
[0019] The term access network is used exclusively
herein to mean a collection of access points (access
point) and one or more access point controllers. The ac-
cess network transports data packets between multiple
access terminals (access terminal). The access network
may be further connected to additional networks outside
the access network, such as a corporate Intranet or the
Internet, and may transport data packets between each
access terminal and such outside networks.
[0020] The term base station, referred to herein as an
access point in the case of a communication system in
accordance with the IS-856 standard, is used exclusively
herein to mean the hardware with which subscriber sta-
tions communicate. Cell refers to the hardware or a ge-
ographic coverage area, depending on the context in
which the term is used. A sector is a partition of a cell.
Because a sector has the attributes of a cell, the teach-
ings described in terms of cells are readily extended to
sectors.
[0021] The term subscriber station, referred to herein
as an access terminal in the case of a communication
system in accordance with the IS-856 standard, is used
herein to mean the hardware with which an access net-
work communicates. An access terminal may be mobile
or stationary. An access terminal may be any data device
that communicates through a wireless channel or through
a wired channel, for example using fiber optic or coaxial
cables. An access terminal may further be any of a
number of types of devices including but not limited to
PC card, compact flash, external or internal modem, or
wireless or wireline phone. An access terminal that is in

the process of establishing an active traffic channel con-
nection with an access point is said to be in a connection
setup state. An access terminal that has established an
active traffic channel connection with an access point is
called an active access terminal, and is said to be in a
traffic state.
[0022] The term communication channel/link is as
used herein to mean a single route over which a signal
is transmitted described in terms of modulation charac-
teristics and coding, or a single route within the protocol
layers of either the access point or the access terminal.
[0023] The term reverse channel/link is as used herein
means a communication channel/link through which the
access terminal sends signals to the access point.
[0024] A forward channel/link is as used herein to
mean a communication channel/link through which an
access point sends signals to an access terminal.
[0025] The term soft hand-off is as used herein to mean
a communication between a subscriber station and two
or more sectors, wherein each sector belongs to a differ-
ent cell. In the context of IS-95 standard, the reverse link
communication is received by both sectors, and the for-
ward link communication is simultaneously carried on the
two or more sectors’ forward links. In the context of the
IS-856 standard, data transmission on the forward link
is non-simultaneously carried out between one of the two
or more sectors and the access terminal.
[0026] The term softer hand-off is as used herein to
mean a communication between a subscriber station and
two or more sectors, wherein each sector belongs to the
same cell. In the context of the IS-95 standard, the re-
verse link communication is received by both sectors,
and the forward link communication is simultaneously
carried on one of the two or more sectors’ forward links.
In the context of the IS-856 standard, data transmission
on the forward link is non-simultaneously carried out be-
tween one of the two or more sectors and the access
terminal.
[0027] The term re-pointing is as used herein to mean
a selection of a sector that is a member of access termi-
nal’s active list, wherein the sector is different than a cur-
rently selected sector.
[0028] The term serving sector is as used herein to
mean a sector that a particular access terminal selected
for data communication or a sector that is communicating
data to the particular access terminal.
[0029] The term erasure is as used herein to mean
failure to recognize a message.

Description

[0030] FIG. 1 illustrates a conceptual diagram of a
communication system capable of performing re-pointing
in accordance with embodiments of the present inven-
tion, e.g., a communication system in accordance with
the IS-856 standard. One skilled in the art understands
that a communication system in accordance with the IS-
856 standard is used for pedagogical purposes only, and
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the teaching is equally applicable to other communica-
tions systems, in which a remote station is served by a
sector with the highest forward link quality metric, e.g., a
communication system in accordance with Revision C of
IS-2000, High Speed Downlink Packed Access (HSDPA)
communication system, and other systems known to one
of ordinary skills in the art. Such HSDPA is disclosed in
documents numbers 3GPP TS 25.211, 25.212,25.213
and 25.214.
[0031] An access point 100 transmits data to an access
terminal 104 over a forward link 106(1), and receives
data from the access terminal 104 over a reverse link
108(1). Similarly, an access point 102 transmits data to
the access terminal 104 over a forward link 106(2), and
receives data from the access terminal 104 over a re-
verse link 108(2). In accordance with one embodiment,
data transmission on the forward link occurs from one
access point to one access terminal at or near the max-
imum data rate that can be supported by the forward link
and the communication system. Other channels of the
forward link, e.g., control channel, may be transmitted
from multiple access point’s to one access terminal. Re-
verse link data communication may occur from one ac-
cess terminal to one or more access point’s. The access
point 100 and the access point 102 are connected to an
access point controller 110 over backhauls 112(1) and
112(2). The access point controller may be implemented
or performed with a general purpose processor, a digital
signal processor (DSP), an application specific integrat-
ed circuit (ASIC), a field programmable gate array (FP-
GA) or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general purpose processor may be
a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, micro-
controller, or state machine. A processor may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microproces-
sors in conjunction with a DSP core, or any other such
configuration.
[0032] The term backhaul is used to mean a commu-
nication link between a controller and an access point.
Although only two access terminal’s and one access
point are shown in FIG. 1, one of ordinary skill in the art
recognizes that this is for pedagogical purposes only,
and the communication system can comprise plurality of
access terminal’s and access point’s.
[0033] Initially, the access terminal 104 and one of the
access point’s, e.g., the access point 100, establish a
communication link using a pre-determined access pro-
cedure. In this connected state, the access terminal 104
is able to receive data and control messages from the
access point 100, and is able to transmit data and control
messages to the access point 100. The access terminal
104 continually searches for other access point’s that
could be added to the access terminal 104 active set.

The active set comprises a list of the access point’s ca-
pable of communication with the access terminal 104.
When such an access point is found, the access terminal
104 calculates a quality metric of the access point’s for-
ward link, which in accordance with one embodiment
comprises a signal-to-interference and-noise ratio
(SINR). In accordance with one embodiment, the access
terminal 104 searches for other access points and deter-
mines the access point’s SINR in accordance with a pilot
signal. Simultaneously, the access terminal 104 calcu-
lates the forward link quality metric for each access point
in the access terminal 104 active set. If the forward link
quality metric from a particular access point is above a
pre-determined add threshold or below a pre-determined
drop threshold for a pre-determined period of time, the
access terminal 104 reports this information to the access
point 100. Subsequent messages from the access point
100 direct the access terminal 104 to add to or to delete
from the access terminal 104 active set the particular
access point.
[0034] The access terminal 104 selects a serving ac-
cess point from the active set based on a set of param-
eters. The set of parameters can comprise present and
previous SINR measurements, a bit-error-rate and/or a
packet-error-rate, and other parameters known to one
skilled in the art. In accordance with one embodiment,
the serving access point is selected in accordance with
the largest SINR measurement. The access terminal 104
then transmits to the selected access point a data request
message (DRC message) on the data request channel
(DRC channel). The DRC message can contain the re-
quested data rate or, alternatively, an indication of the
quality of the forward link, e.g., the measured SINR, the
bit-error-rate, or the packet-error-rate. In accordance
with one embodiment, the access terminal 104 can direct
the transmission of the DRC message to a specific ac-
cess point by the use of a Walsh code, which uniquely
identifies the specific access point. The DRC message
symbols are exclusively OR’ed (XOR) with the unique
Walsh code. The XOR operation is referred to as Walsh
covering of a signal. Since each access point in the active
set of the access terminal 104 is identified by a unique
Walsh code, only the selected access point which per-
forms the identical XOR operation as that performed by
the access terminal 104 with the correct Walsh code can
correctly decode the DRC message.
[0035] The data to be transmitted to the access termi-
nal 104 arrive at the access point controller 110. In ac-
cordance with one embodiment, the access point con-
troller 110 sends the data to all access points in access
terminal 104 active set over the backhaul 112. In another
embodiment, the access point controller 110 first deter-
mines, which access point was selected by the access
terminal 104 as the serving access point, and then sends
the data to the serving access point. The data are stored
in a queue at the access point(s). A paging message is
then sent by one or more access points to the access
terminal 104 on respective control channels. The access
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terminal 104 demodulates and decodes the signals on
one or more control channels to obtain the paging mes-
sages.
[0036] At each time time-slot, the access point can
schedule data transmission to any of the access termi-
nals that received the paging message. An exemplary
method for scheduling transmission is described in U.S.
Patent No. 6,229,795, entitled "SYSTEM FOR ALLO-
CATING RESOURCES IN A COMMUNICATION SYS-
TEM," assigned to the assignee of the present invention.
The access point uses the rate control information re-
ceived from each access terminal in the DRC message
to efficiently transmit forward link data at the highest pos-
sible rate. In accordance with one embodiment, the ac-
cess point determines the data rate at which to transmit
the data to the access terminal 104 based on the most
recent value of the DRC message received from the ac-
cess terminal 104. Additionally, the access point uniquely
identifies a transmission to the access terminal 104 by
using a spreading code which is unique to that remote
station. In the exemplary embodiment, this spreading
code is the long pseudo noise (PN) code, which is defined
by the IS-856 standard.
[0037] The access terminal 104, for which the data
packet is intended, receives the data transmission and
decodes the data packet. In accordance with one em-
bodiment, each data packet is associated with an iden-
tifier, e.g. a sequence number, which is used by the ac-
cess terminal 104 to detect either missed or duplicate
transmissions. In such an event, the access terminal 104
communicates via the reverse link data channel the se-
quence numbers of the missing data units. The access
point controller 110, which receives the data messages
from the access terminal 104 via the access point com-
municating with the access terminal 104, then indicates
to the access point what data units were not received by
the access terminal 104. The access point then sched-
ules a retransmission of such data units.
[0038] When the communication link between the ac-
cess terminal 104 and the access point 100, operating
in the variable rate mode, deteriorates below required
reliability level, the access terminal 104 first attempts to
determine whether communication with another access
point in the variable rate mode supporting an acceptable
rate data is possible. If the access terminal 104 ascertains
such an access point (e.g., the access point 102), a re-
pointing to the access point 102, therefore, to a different
communication link occurs, and the data transmissions
continue from the access point 102 in the variable rate
mode. The above-mentioned deterioration of the com-
munication link can be caused by, e.g., the access ter-
minal 104 moving from a coverage area of the access
point 100 to the coverage area of the access point 102,
shadowing, fading, and other reasons known to one
skilled in the art. Alternatively, when a communication
link between the access terminal 104 and another access
point (e.g., the access point 102) that may achieve higher
throughput rate that the currently used communication

link becomes available, a re-pointing to the access point
102, therefore, to a different communication link occurs,
and the data transmissions continue from the access
point 102 in the variable rate mode.
[0039] One skilled in the art recognizes that an access
point can comprise one or more sectors. In the descrip-
tion above, the term access point was used generically
to allow clear explanation of basic concepts of the com-
munication system illustrates a conceptual diagram of a
communication system capable of performing re-pointing
in accordance with embodiments of the present inven-
tion, e.g., a communication system in accordance with
the IS-856 standard. However, One of ordinarily skilled
in the art can extend the explained concepts to access
point comprising any number of sectors. Consequently,
the concept of sector will be used throughout the rest of
the document. One of ordinary skills in the art further
recognizes that an access point (or a sector) may further
comprise a control entity controlling functions of the ac-
cess point (or the sector). Such a control entity is called
hereinafter collectively called sector controller. The sec-
tor controller may be implemented or performed with a
general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof designed to perform the functions described
herein. A general purpose processor may be a micro-
processor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller,
or state machine. A processor may also be implemented
as a combination of computing devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micro-
processors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.

Forward Link Structure

[0040] FIG. 2 illustrates an exemplary forward link
waveform 200. For pedagogical reasons, the waveform
200 is modeled after a forward link waveform of the
above-mentioned communication system in accordance
with the IS-856 standard. However, one of ordinary skill
in the art will understand that the teaching is applicable
to different waveforms. Thus, for example, in accordance
with one embodiment, the waveform does not need to
contain pilot signal bursts, and the pilot signal can be
transmitted on a separate channel, which can be contin-
uous or bursty. The forward link 200 is defined in terms
of frames. A frame is a structure comprising 16 time-slots
202; each time-slot 202 being 2048 chips long, corre-
sponding to 1.66 ms. time-slot duration, and, conse-
quently, 26.66 ms. frame duration. Each time-slot 202 is
divided into two half-time-slots 202a, 202b, with pilot
bursts 204a, 204b transmitted within each half-time-slot
202a, 202b. In the exemplary embodiment, each pilot
burst 204a, 204b is 96 chips long, and is centered at the
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mid-point of its associated half-time-slot 202a, 202b. The
pilot bursts 204a, 204b comprise a pilot channel signal
covered by a Walsh cover with index 0. A forward medium
access control channel (MAC) 206 forms two bursts,
which are transmitted immediately before and immedi-
ately after the pilot burst 204 of each half-time-slot 202.
In the exemplary embodiment, the MAC is composed of
up to 64 code channels, which are orthogonally covered
by 64-ary Walsh codes. Each code channel is identified
by a MAC index, which has a value between 1 and 64,
and identifies a unique 64-ary Walsh cover. One of the
available MAC indices between 5 and 63 is used for re-
verse link power control (RLPC) for each subscriber sta-
tion. The reverse link power control is modulated on a
reverse power control channel (RPC). MAC index 4 is
used for a reverse activity channel (RA), which performs
load control on the reverse traffic channel. The forward
link traffic channel and control channel payload is sent
in the remaining portions 208a of the first half-time-slot
202a and the remaining portions 208b of the second half-
time-slot 202b.
[0041] As discussed, the RPC channel is used to send
the power control commands, which are used to control
the transmit power of the reverse link transmission from
an access terminal. Power control is critical on the re-
verse link because the transmit power of each access
terminal is an interference to other access terminals in
the communication system. To minimize interference on
the reverse link and maximize capacity, the transmit pow-
er of each access terminal is controlled by two power
control loops. In one embodiment, the power control
loops are similar to that of the CDMA system disclosed
in detail in U.S. Patent No. 5,056,109, entitled "METHOD
AND APPARATUS FOR CONTROLLING TRANSMIS-
SION POWER IN A CDMA CELLULAR MOBILE TELE-
PHONE SYSTEM", assigned to the assignee of the
present invention and incorporated by reference herein.
Other power control mechanism can also be contemplat-
ed and are within the scope of the present invention.
[0042] The first (outer) power control loop sets a level
at which a reverse link quality metric is to be maintained.
The signal quality is measured, e.g., as the energy-per-
chip-to-noise-plus-interference ratio (Ec/No+lo) of the re-
verse link signal received at an access point. Such a sig-
nal quality is measured e.g., on a reverse pilot channel.
The set level is referred to as the (Ec/No+lo) set point.
The outer power control loop adjusts the set point such
that the desired level of performance, as measured, e.g.,
as a packet-error-rate (PER), is maintained. The second
(closed) power control loop adjusts the transmit power
of an access terminal such that the reverse link signal
quality is maintained at the set level.
[0043] The closed loop power control for an access
terminal is performed by all access points in the access
terminal’s Active Set. Within the closed loop, the
(Ec/No+lo) of the reverse link signal is measured at each
of the access point. Each access point then compares
the measured (Ec/No+lo) with the set point. If the meas-

ured (Ec/No+lo) is greater than the set point, that access
point transmits a power control message to access ter-
minal to decrease the transmit power. Alternatively, if the
measured (Ec/No+lo) is below the set point, that access
point transmits a power control message to access ter-
minal to increase the transmit power. In one embodiment,
the power control message is implemented with one pow-
er control bit sent on the RPC channel (RPC bit). An
access point transmits ’0’ ("up") RPC bit if the measured
(Ec/No+lo) is below the set point, and ’1’ ("down") RPC
bit if the measured (Ec/No+lo) is greater than the set
point. The access terminal adjusts the access terminal’s
output power by increasing an output power if the RPC
bits received from all controlling access points are ’0’
("up"). If any RPC bit received from the controlling access
points is ’1’ ("down"), the access terminal decreases the
output power.
[0044] As discussed, in a wireless communications
system, e.g., a wireless communications system in ac-
cordance with FIG. 1, an imbalance may occur between
a forward link and a reverse link. It has been observed
that low levels of imbalance, e.g., less than 1dB are al-
most always present in a communication system. This
level of imbalance appears to have little impact either on
the forward link requested/served rate or on the DRC
erasure rate on the reverse link. As used herein the term
DRC erasure rate indicates a percentage of DRC mes-
sages that where erased at the access point. Conse-
quently, such an imbalance is accepted because the
cost, e.g., outage associated with re-pointing DRC’s in a
dynamic communication system environment (changing
channel conditions, access terminal mobility), far ex-
ceeds the small penalty in forward link sector throughput
that may result.
[0045] As the imbalance increases, the sector with the
better forward link quality metric has a higher DRC eras-
ure rate, due to worse reverse link quality metric. Con-
sequently, the advantage of an access terminal pointing
it’s DRC to a sector with a better forward link quality metric
is reduced because the DRC erasure rate at the sector
with the better forward link quality metric may be so large
as to reduce the forward link throughput significantly. In
an extreme case, if the DRC erasure rate is 100%, re-
gardless of the forward link quality metric, the access
terminal is not served. On the other hand, re-pointing the
access terminal’s DRC to a sector with a better reverse
link quality metric may not improve the forward link
throughput because the sector’s forward link quality met-
ric is reduced.
[0046] To remedy the performance degradation
caused by imbalance, in one embodiment, all sectors
that receive and recovering the information communicat-
ed from the remote station over a reverse link relay the
information to a control entity, responsible for determin-
ing whether the information was received by the serving
sector. The term recovering is used herein to mean any
processing, e.g., decoding, detecting utilized to obtain
the information modulated on the reverse link. The infor-
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mation may comprise e.g., signaling information, system
information, user data information, and any other infor-
mation modulated on the reverse link. The control entity
may comprise, e.g., a access point controller, a sector
controller, or any other controller known to one skilled in
the art. The control entity may be remote from sector(s)
or co-located with sector(s). The control entity may utilize
the information thusly obtained in the same manner as
if the information were obtained from the serving sector.
If the information is to be communicated from the sectors
that received the information to a control entity not co-
located with the receiving sector(s), the backhaul traffic
load increases. In order to reduce such a backhaul traffic
load, the receiving sector(s) may employ methods to
avoid reporting each instance of the received information.
For example, the sector(s) process the value of the signal
to noise and interference ratio of the received and recov-
ered information over a time window. The sector(s) then
report a value representative of the information proc-
essed over a time window, e.g., a mean, a maximum, a
minimum, or other or a combination thereof. However,
one of ordinary skill in the arts understands that the
above-disclosed method is exemplary only, and other
methods achieving the above-stated objective are con-
templated.
[0047] Alternatively, the non-serving sectors that re-
ceive and recover the information communicated from
the remote station over a reverse link do not send the
recovered information, but an indication that the informa-
tion was received and recovered. When the serving sec-
tor fails to receive the reverse link information, the serving
sector may then request the information from one or all
the non-serving sectors. Thus, the backhaul traffic load
is reduced. Alternatively, the non-serving sectors may
abstain form receiving and recovering the information
communicated from the remote station over a reverse
link. Instead, the non-serving sectors measure or esti-
mate the remote station’s reverse link quality metric. The
quality metric may comprise, e.g., frame erasure rate
(FER), reverse link pilot channel signal-to-noise and in-
terference ratio, number of sector’s rake receiver’s fin-
gers locked on the reverse link signal, and other reverse
link quality metric. The non-serving sectors then send
the quality metric. When the serving sector fails to receive
the reverse link information, the serving sector may then
request that the non-serving sector(s), which reported
good reverse link quality metric start recoverding and
sending the information.
[0048] Additionally, the control entity may utilize the
information obtained form the receiving sectors, as an
indication that an imbalance exists. Specifically, if the
control entity receives the information communicated on-
ly, through a source that is not the serving sector, the
control entity declares an imbalance. To prevent false
imbalance detection, the control entity may declare an
imbalance when, e.g., a number of occurrences of control
entity receiving the information communicated only
through a source that is not the serving sector during a

time window exceeds a threshold. Alternatively, the sum
of number of occurrences of control entity receiving the
information communicated only through a source that is
not the serving sector and the number of occurrences of
control entity not receiving the information communicat-
ed through a source that is the serving sector during a
time window exceeds a threshold. Such a threshold is
determined in accordance with desired performance cri-
teria of a communication system, e.g., latency, through-
put, and other criteria known to one of ordinary skill in
the art. When an imbalance is detected, the control entity
utilizes measures described.
[0049] In another embodiment, the control entity de-
termines an imbalance of a remote station in accordance
with the remote station’s reverse link quality metric re-
ported by sectors. The control entity declares an imbal-
ance when the reverse link quality metric reported by the
serving sector is lower than a reverse link reported by
the non-serving sector(s). Note that such scenario in-
cludes an event when the control entity fails to receive
the reverse link quality metric from the serving sector due
to failure of the serving sector reverse link. To prevent
false imbalance detection, the control entity may further
employ methods of process the received reverse link in-
formation before making the imbalance decision. Such
processing may comprise, e.g., requiring that the reverse
link quality metric reported by the serving sector is lower
than a reverse link reported by a non-serving sector for
a determined time interval; requiring that the reverse link
quality metric reported by the serving sector is lower than
a reverse link reported by a non-serving sector by a de-
termined value, or a combination thereof. However, one
of ordinary skill in the arts understands that the above-
disclosed methods are exemplary only, and other meth-
ods achieving the above-stated objective are contem-
plated. Alternatively, the only quality metric considered
is the quality metric reported by the access points con-
taining sectors belonging to the Active Set for the remote
station.

Remedial Measures

[0050] Once the control entity determines imbalance,
remedial measures may be undertaken. In one embod-
iment, the control entity instructs the serving sector to
communicate to the remote station a message instructing
the remote station to remove the sector(s) with unreliable
or lost reverse link from the remote station’s Active Set.
This will result in the remote station re-pointing to a dif-
ferent serving sector.
[0051] In another embodiment, the control entity utiliz-
es the reverse link quality metrics reported by the sectors
to decide how much more reverse link power the serving
sector requires relative to the reverse link power provided
by current setting of reverse link power control to achieve
target reverse link quality metric at the serving sector. In
one embodiment, the target reverse link power is equal
to the reverse link power as perceived by the non-serving
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sector with the highest reverse link quality metric. As ex-
plained above, increasing the outer loop set point forces
increased reverse link power transmission. However, the
closed loop power control will tend to decrease the re-
verse link power because the reverse link quality metric,
which drives the outer loop set point, will be good. Con-
sequently, in one embodiment, the control entity deter-
mines the reverse link quality metric, which will result in
a desired increase of the reverse link power. In another
embodiment, only the reverse link quality metric from the
serving sector is used to determine the outer loop set
point. Further details describing the above-mentioned
embodiment are disclosed in a co-pending patent appli-
cation serial number 09/587,668, entitled "METHOD
AND APPARATUS FOR IMPROVED FORWARD UNK
POWER CONTROL WHILE IN SOFT HANDOFF," filed
on June 5, 2000, assigned to the assignee of the present
invention.
[0052] Those of ordinary skill in the art will recognize
that although the various embodiments were described
in terms of flowcharts and methods, such was done for
pedagogical purposes only. The methods can be per-
formed by an apparatus, which in one embodiment com-
prises a processor interfaced with a transmitter, a receiv-
er and any other appropriate blocks of the access termi-
nal and/or access point.
[0053] Those of ordinary skill in the art would under-
stand that information and signals may be represented
using any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be rep-
resented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or
any combination thereof.
[0054] Those of skill would further appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embod-
iments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. To clearly illustrate this interchangeability of hard-
ware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether
such functionality is implemented as hardware or soft-
ware depends upon the particular application and design
constraints imposed on the overall system. Skilled arti-
sans may implement the described functionality in vary-
ing ways for each particular application, but such imple-
mentation decisions should not be interpreted as causing
a departure from the scope of the present invention.
[0055] The various illustrative logical blocks, modules,
and circuits described in connection with the embodi-
ments disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-

sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
[0056] The steps of a method or algorithm described
in connection with’the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the proc-
essor such the processor can read information from, and
write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the proces-
sor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In
the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
[0057] The previous description of the disclosed em-
bodiments is provided to enable any person skilled in the
art to make or use the present invention. Various modi-
fications to these embodiments will be readily apparent
to those skilled in the art, and the generic principles de-
fined herein may be applied to other embodiments with-
out departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited
to the embodiments sown herein but is to be accorded
the widest scope consistent with the principles and novel
features disclosed herein.
[0058] A portion of the disclosure of this patent docu-
ment contains material, which is subject to copyright pro-
tection. The copyright owner has no objection to the fac-
simile reproduction by anyone of the patent document or
the patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, but otherwise
reserves all copyright rights whatsoever.

FURTHER SUMMARY OF THE INVENTION

[0059]

1. A method for managing imbalance in a wireless
communication system communication system,
comprising:

receiving a reverse link information on at least
one non-serving sector; and
mitigating imbalance utilizing said received re-
verse link information.

15 16 



EP 2 273 830 A1

10

5

10

15

20

25

30

35

40

45

50

55

2. The method as in 1 wherein said mitigating imbal-
ance utilizing said received reverse link information
comprises:

recovering said received reverse link informa-
tion; and
relaying said recovered reverse link information
to a control entity.

3. The method as in 1 wherein said mitigating imbal-
ance utilizing said received reverse link information,
comprises:

recovering said received reverse link informa-
tion; and
relaying indication of successful recovering to a
control entity.

4. The method as in 3 further comprising:

relaying said recovered reverse link information
to a control entity if recovering of a received re-
verse link information from serving sector failed.

5. A method for managing imbalance in a wireless
communication system communication system,
comprising:

measuring reverse link quality metric at each
sector;
declaring an imbalance when a reverse link
quality metric measured at a serving sector is
less than a reverse link quality metric measured
at least one non-serving sector; and
mitigating said imbalance.

6. The method as in 5, wherein said measuring re-
verse link quality metric at each sector comprises:

measuring reverse link quality metric at each
sector in remote station’s active set.

7. The method as in 6, wherein said mitigating said
imbalance comprises:

instructing the subscriber station to remove said
serving sector from the subscriber station’s ac-
tive set.

8. The method as in 5, wherein said mitigating said
imbalance comprises:

causing the subscriber station to increase re-
verse link power.

9. The method as in 7, wherein said causing the sub-
scriber station to increase reverse link power com-
prises:

determining quality metric resulting in a desired
increase of a set point.

10. The method as in 7, wherein said causing the
subscriber station to increase reverse link power
comprises:

determining the outer loop set point in accord-
ance with only the quality metric from the serving
sector.

11. An apparatus for managing imbalance in a wire-
less communication system communication system,
comprising:

means for receiving a reverse link information
on at least one non-serving sector; and
means for mitigating imbalance utilizing said re-
ceived reverse link information.

12. The apparatus as in 11 wherein said means for
mitigating imbalance utilizing said received reverse
link information comprises:

means for recovering said received reverse link
information; and
means for relaying said recovered reverse link
information to a control entity.

13. The apparatus as in 11 wherein said mitigating
imbalance utilizing said received reverse link infor-
mation, comprises:

means for recovering said received reverse link
information; and
means for relaying indication of successful re-
covering to a control entity.

14. The apparatus as in 13 further comprising:

means for relaying said recovered reverse link
information to a control entity if recovering of a
received reverse link information from serving
sector failed.

15. An apparatus for managing imbalance in a wire-
less communication system communication system,
comprising:

means for measuring reverse link quality metric
at each sector;
means for declaring an imbalance when a re-
verse link quality metric measured at a serving
sector is less than a reverse link quality metric
measured at least one non-serving sector; and
means for mitigating said imbalance.

16. The apparatus as in 15, wherein said means for
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measuring reverse link quality metric at each sector
comprises:

means for measuring reverse link quality metric
at each sector in remote station’s active set.

17. The apparatus as in 16, wherein said means for
mitigating said imbalance comprises:

means for instructing the subscriber station to
remove said serving sector from the subscriber
station’s active set.

18. The apparatus as in 15, wherein said means for
mitigating said imbalance comprises:

means for causing the subscriber station to in-
crease reverse link power.

19. The apparatus as in 18, wherein said means for
causing the subscriber station to increase reverse
link power comprises:

means for determining quality metric resulting
in a desired increase of a set point.

20. The apparatus as in 18, wherein said means for
causing the subscriber station to increase reverse
link power comprises:

means for determining the outer loop set point
in accordance with only the quality metric from
the serving sector.

Claims

1. A method for managing imbalance in a wireless com-
munication system communication system, com-
prising:

receiving a reverse link information on at least
one non-serving sector; and
mitigating imbalance utilizing said received re-
verse link information.

2. The method as claimed in claim 1 wherein said mit-
igating imbalance utilizing said received reverse link
information comprises:

recovering said received reverse link informa-
tion; and relaying said recovered reverse link
information to a control entity.

3. The method as claimed in claim 1 wherein said mit-
igating imbalance utilizing said received reverse link
information, comprises:

recovering said received reverse link informa-
tion; and relaying indication of successful recov-
ering to a control entity.

4. The method as claimed in claim 3 further comprising:

relaying said recovered reverse link information
to a control entity if recovering of a received re-
verse link information from serving sector failed.

5. An apparatus for managing imbalance in a wireless
communication system communication system,
comprising:

means for receiving a reverse link information
on at least one non- serving sector; and
means for mitigating imbalance utilizing said re-
ceived reverse link information.

6. The apparatus as claimed in claim 5 wherein said
means for mitigating imbalance utilizing said re-
ceived reverse link information comprises:

means for recovering said received reverse link
information; and means for relaying said recov-
ered reverse link information to a control entity.

7. The apparatus as claimed in claim 5 wherein said
mitigating imbalance utilizing said received reverse
link information, comprises:

means for recovering said received reverse link
information; and means for relaying indication
of successful recovering to a control entity.

8. The apparatus as claimed in claim 7 further compris-
ing:

means for relaying said recovered reverse link
information to a control entity if recovering of a
received reverse link information from serving
sector failed.

9. A computer-readable medium including program
code stored thereon, comprising code that when ex-
ecuted on processor causes said processor to carry
out the steps of any of claims 1 to 4.
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